Purpose Taste and smell changes (TSCs) are common in head and neck (H&N) cancer and during and after chemotherapy (CT) and radiotherapy (RT). It is an area that has been underinvestigated, particularly in the treatment-naive, but can negatively impact nutritional status. This study examined the prevalence, severity and characteristics of TSCs in people with non-H&N solid tumours, before CT and RT, and their relationship with co-occurring symptoms. Methods A prospective, observational study was conducted. Forty consecutive pre-treatment cancer patients, referred to radiation oncology outpatients over 6 weeks, were recruited. Data on TSCs, symptoms and nutritional status were obtained using the 'Taste and Smell Survey' and the 'abridged PatientGenerated Subjective Global Assessment' (abPG-SGA). BMI was measured. SPSS® was used for statistical analysis. Twosided P values <0.05 were considered statistically significant.
Introduction
The chemical senses of taste and smell are fundamental to life. They warn of danger (e.g. gas, fire), deter ingestion of toxins and encourage dietary intake [1] . Disturbance of these senses is termed chemosensory dysfunction [2] . One estimate of the prevalence of taste and smell changes (TSCs) in the USA general population is 0.49 % [3] . This increases 11-fold with age from 0.19 % for those aged 18-24 years to 2.06 % for those ≥85. Chronic illnesses like allergic rhinitis, chronic inflammatory middle ear disease and head injury can adversely affect taste and smell [4, 5] .
Taste and smell changes have frequently been reported in cancer. Most of the literature has focused on TSCs related to chemotherapy (CT) or head and neck (H&N) radiotherapy (RT). Prevalence estimates range from 16 to 70 % in the former [6, 7] and 50-100 % in the latter [8, 9] . To our knowledge, there are no dedicated studies characterising subjective TSCs prior to oncological treatment in people with non-H&N solid tumours.
Possible pathophysiological mechanisms are poorly understood [2] and understudied [10, 11] . Both subjective and objective methods can assess TSCs; there is a considerable variation in the methodology. Self-reporting more accurately represents the psychosocial consequences not identified by objective tests [12] .
Changes in taste can affect sensitivity (threshold) and/or perception (distortion) of the five basic sensations, i.e. sweet, sour, salty, bitter and umami [13] . Of the five, bitter is most distorted by cancer treatment, in terms of both prevalence and severity [14] . With regard to smell, both higher [15] and lower [1] subjective and objective smell thresholds are found. Distorted smell perception is often described as rancid [16] . TSCs can significantly impair food intake and nutritional status and cause weight loss [2] . Energy intake is reduced [2] and food diversity decreases [17] . Adequate dietary intake is essential at all stages of cancer, since 20 % of patients die from malnutrition, rather than the malignancy [18] .
Clinical experience and research suggest that many cancer symptoms, e.g. anorexia, dry mouth, taste changes and weight loss occur in groups or clusters [19] . Categorisation of symptom clusters may be therapeutically important because treatment of one symptom may be influenced by another in the same cluster [20] , e.g. taste changes and anorexia. Possible relationships between TSCs, symptom clusters and nutritional status are not widely studied, despite the direct relationship between TSCs and cancer malnutrition [2] .
The aim of the present study was to examine the prevalence, severity and characteristics of TSCs in people with non-H&N solid tumours prior to CT or RT. Secondary objectives were to investigate if tumour primary site is associated with TSCs and examine the relationship between patient demographics, clinical characteristics and TSCs and determine any association between TSCs and malnutrition risk and other cancer symptoms.
Methods

Participants and procedure
A prospective, observational study was conducted. A sample of forty consecutive, treatment-naive, non-H&N cancer patients with solid tumours were recruited over a 6-week period at radiation oncology outpatient clinics in a large tertiary care teaching hospital. Patients were screened by consultant radiation oncologists during their outpatient consultation. The inclusion and exclusion criteria are described in Table 1 .
Eligible patients were asked if they were interested in further information about the study. A brief information leaflet was provided; those who expressed interest were approached by the researcher (L.S.) immediately after their outpatient consultation or at their subsequent RT planning session. Written informed consent was sought after a full verbal explanation of the study and any queries were addressed.
A 15-min interview was conducted with each participant during which two structured, interviewer-assisted questionnaires, the 'Taste and Smell Survey' [21] and the 'abridged Patient-Generated Subjective Global Assessment' [22] , were completed. Demographic and clinical data were obtained from the hospital ARIA® Oncology Information System (Varian Medical Systems, CA, USA). If intravenous contrast was given on the interview day, this was noted as a potential confounder. Current smoking status was also documented. An overview of the recruitment and selection process is in Fig. 1 
Interviewer-assisted questionnaires
Taste and smell changes Data on TSCs were obtained using the 'Taste and Smell Survey' [21] , an instrument initially developed for the human immunodeficiency virus (HIV) population to identify selfreported TSCs and their impact on food choices.
Although not yet validated, it has been used to investigate cancer TSCs [2, 10, 11] . It can generate a chemosensory complaint score based on frequency and severity of reported TSCs [10, 11] . TSC severity was stratified based on the following frequencies: 0-1 = insignificant; 2-4 = mild; 5-9 = moderate; 10-14 = severe. The original survey contained 16 items, which included 4 questions about the chemosensory influence of HIV medications. Other studies in cancer excluded these questions [10, 11] ; they were also excluded from this study and a 12-item questionnaire was used. The questionnaire included un-scored, open-ended questions for qualitative descriptions of TSCs and their impact on quality of life. Responses to these questions were analysed inductively by content analysis.
Nutritional status and Co-occurring symptoms
Nutritional status and symptom data were assessed with an abridged version of the scored Patient-Generated Subjective Global Assessment (abPG-SGA), a validated cancer nutrition screening tool, which foregoes the PG-SGA physical examination [24] . The abPG-SGA includes questions about (1) reported weight and height and weight history over the past 1-6 months, (2) food eaten during the previous month, (3) 13 symptoms which may have affected food intake over the previous 2 weeks and (4) current activity level and function. The above variables were scored (0-35) based on the abPG-SGA to assess for nutritional risk; a cutoff score ≥6 identified malnutrition risk [22] . Both weight and height were measured when sufficient clinic space was available (n = 35; 88 %).
Weight was measured to the nearest 0.2 kg by a calibrated Seca Compact Digital Floor Scale III, model 899 (Seca Limited, Birmingham, UK). Height was measured to the nearest 0.5 cm with a collapsible ' Leicester Height Measure' stadiometer (CM S Weighing Equipment Limited, London, UK). Body Mass Index (BMI) was subsequently calculated (n = 35) and categorised according to the World Health Organisation 2006 criteria [23] . Percentage weight loss was calculated based on current measured weight and patient-reported values for weight at 1 month an d 6 mo nth s p rev iou sly. P er for m an ce sta tus was assessed by the Eastern Co-operative Oncology Group (ECOG) (score 0-4) performance rating system [24] .
Data analysis
Data analysis was performed using SPSS Version 22.0 (IBM Corporation, New York, USA). Independent sample t tests compared means between groups for normally distributed variables. The Mann-Whitney U test compared non-parametric variables between groups. Relationships between categorical variables were analysed by the chi-square test for independence. The chi-square test for goodness of fit compared the proportion of TSCs in the present sample with that in the US general population [3] . A two-sided P value of <0.05 was considered statistically significant.
Results
Patient characteristics
Ninety-six cancer patients were screened for study eligibility.
Of those eligible to participate (n = 52), 40 agreed to participate and all subsequently completed the study (Fig. 1) . The baseline characteristics of the study population are in Table 2 . Median time since diagnosis was 93 days (IQR 48-209). Most were diagnosed within the last 4 months.
Prevalence and characteristics of taste and smell changes
Nearly half (n = 19, 48 %) (95 % CI, 32.5-62.5) reported some chemosensory abnormality, i.e. a complaint score >1; the median was 1 (IQR 0-5). This is statistically significantly higher than the prevalence of 0.49 % in the US general population (P < 0.001) [3] . Eleven participants reported taste changes alone and eight others changes in both senses. No one had loss of smell alone. Eleven graded their TSCs as 'moderate' or 'severe' and eight 'mild'. The prevalence of reported TSCs (stratified) in relation to demographic and clinical data are described in Table 2 . Eleven females (n = 11/17) and eight males (n = 8/23) reported TSCs. They were noted mainly in those with a primary diagnosis of breast (n = 9/15) or prostate cancer (n = 5/ 15), which comprised most of the patient population. These differences by gender and primary diagnosis were not statistically significant (P > 0.05 for both). No significant differences were found between reported TSCs and age, extent of disease, previous cancer therapy, prior IV contrast, smoking status or BMI category (P > 0.05 for all).
There was variation in both the quality and intensity of TSCs reported. With regard to taste, 22 (55 %) had 'bad taste', nine 'rarely', nine 'sometimes' and four 'often'. This was most frequently described as sour (n = 7). However, specific questions about each of the basic taste intensities revealed that sweet and salty were perceived as stronger by nine and seven, respectively. Of those, four also reported a stronger and four a weaker smell sensation. When asked to compare TSCs preand post-diagnosis, most reported no change in intensity of either (n = 24, 60 %) (95 % CI, 47.5-75.0). Those who described TSCs mainly characterised them as 'distorted' (n = 12), affecting meat (n = 4), vegetables (n = 3) and tea (n = 2).
Taste and smell changes, nutritional status and cluster symptoms
In this study cohort, ten breast (n = 10/15), two prostate (n = 2/ 15), four oesophageal (n = 4/6) and four 'other' (n = 4/4) cancer patients were at risk of malnutrition (abPG-SGA score ≥6). A trend towards higher prevalence of TSCs was observed in those at nutritional risk (n = 13/20 vs. n = 6/20; P = 0.057). For five, changes were mild, for seven moderate and for one severe.
Of the people who reported TSCs, seven reported eating less over the previous month, while four reported weight loss (WL) over the previous 2 weeks. The group mean percentage (%) WL was negligible (0.01 %WL, SD =/− 4.1) over the previous month and was unrelated to TSCs or BMI.
Most (n = 32; 80 %) (95 % CI, 65-93) reported other symptoms over the previous 2 weeks. Of those recorded, fatigue (n = 19), dry mouth (n = 17), poor appetite (n = 17) and early satiety (n = 16) were most frequent (Fig. 2) . The median number of these symptoms reported was 3 (IQR 1-5). Persons with any symptoms likely to affect nutritional status more often reported TSCs (n = 18/32; 56 %, P < 0.05). Specifically, those who reported dry mouth had more TSCs versus those who did not (n = 14/17 vs. n = 5/23, P < 0.01). TSCs were also significantly associated with early satiety (n = 12/16 vs. n = 7/24, P < 0.05) and fatigue (n = 13/19 vs. n = 6/21, P < 0.05). No significant associations were demonstrated between TSCs and the other symptoms described in Fig. 2 .
Taste and smell changes and quality of life
Most (n = 14/19, P < 0.05) reported TSCs did not affect their quality of life. Of the five who did, anxiety about poor food variety was cited by three, a strong desire to 'smell again' by one and another reported being less sociable due to the TSCs.
Discussion
Taste and smell changes were reported by nearly half of treatment-naive cancer patients in this study. This is approximately 100 times greater than the prevalence of taste and smell impairment in the general population [3] . This is the first study conducted which characterises subjective TSCs prior to oncological treatment. Although one previous study did assess for the presence or absence of TSCs prior to cancer diagnosis using similar methods [11] , there was no information on the characteristics of TSCs. In this study, TSCs were reported in people with recently diagnosed early disease even before treatment, which highlights the magnitude of perceived TSCs in a population not traditionally considered at risk.
There was heterogeneity in the TSCs observed. While most participants did not report any alterations in taste intensity preand post-diagnosis, for those who did, salt and sweet tastes were prominent and stronger post-diagnosis. Other work with objective and subjective measures have shown varied intensity changes in all basic tastes, both in early and advanced BMI body mass index, ECOG Eastern Co-operative Oncology Group, IV intravenous a 'Other' primary diagnosis includes rectal (n = 3) and renal cancer (n = 1) b Some participants were planned for multimodal treatment c 'Other' planned therapy includes surgery (n = 1), supportive care (n = 1) and 'decision awaited' (n = 1) disease [2, 25] . With regard to smell, weaker smell sensation was most common, consistent with findings from objective measures in early breast cancer [15] . In most of the literature, taste and smell changes were assessed at the same time [2, 11, 26] , as was undertaken here, and this is recommended for further studies.
Although not statistically significant, females were twice as likely to report TSCs. This finding was clinically significant and has also been found in an adequately powered posttreatment study [27] . Furthermore, normative data in the general population indicate that women of all ages have a better sense of smell than men [28] . Physiological variations in chemosensory perception or differences in men and women's relationship to food may be responsible [10] . No hormonal cause has been identified. A possible explanation may be that many patients in this study belong to a generation where cooking and food preparation were traditionally female roles [10] .
No significant relationship between age and TSCs was identified, similar to previous research [11, 29] . Other studies have suggested that younger patients are more likely to perceive TSCs; these used the same subjective measures as the present study [10, 12] . Since it is established that taste and smell in the general population are affected by age [30] , a change in an older patient with an already reduced chemosensory ability may not be as evident as in younger individuals [12] . Insufficient sample size could explain insignificant age and gender results. Smoking status was not significantly associated with TSCs. Several objective and subjective cancer studies have corroborated this [12, 31] , while one smaller study disagreed [10] . Given that only 18 % were current smokers, definitive conclusions cannot be reached due to the sample size.
Interestingly, half of the sample was at nutritional risk, although most had cancers not typically identified with this, i.e. breast and prostate cancer [32, 33] . TSCs were reported almost twice as often in breast compared with prostate cancer; however, no significant difference was observed between primary cancer site and TSCs. One study during treatment showed a significant association between TSCs and breast cancer [12] , although this finding may be confounded by gender.
The majority at nutritional risk reported TSCs (n = 13/20). This neared statistical significance (P = 0.057) and is highly clinically relevant given that nearly all were due to receive future CT and/or RT, with both known to cause TSCs and weight loss [10] . Treatment would likely exacerbate the baseline TSCs and precipitate further nutritional status decline. This is supported by previous research [2, 34] .
The TSCs noted did not exist in isolation. Dry mouth, early satiety and fatigue commonly co-occurred. This relationship has been previously identified in advanced cancer within the same symptom cluster [19] . It has been speculated [19] that these may share a common pathophysiology. On this basis, detection of dry mouth, early satiety or fatigue warrants automatic assessment of TSCs. In addition, effective treatment of TSCs might positively influence any or all of these three symptoms.
Taste and smell changes did not significantly affect quality of life. Although research has identified a link between them, studies were mostly in advanced cancer [2] or during treatment [27] . It has been hypothesised that the confluence of multiple symptoms may affect wellbeing [27] . People with advanced cancer experience a median of 11 symptoms [35] . The median number of nutrition impact symptoms in this study, predominantly composed of patients with early disease, was three. This may explain the discrepancy in quality of life between the present study and other literature.
This study had several strengths. Firstly, the sample was consecutive and representative of the current cancer prevalence in the UK and Ireland by age and gender [36, 37] . Breast and prostate cancer are also the two mostly commonly diagnosed cancers in the USA, UK and Ireland (nonmelanoma skin cancers excluded) [36] [37] [38] . Consequently, Fig. 2 Prevalence of symptoms likely to affect nutritional status results are clinically applicable. Secondly, statistically significant results were found, despite a small sample size. This reinforces the magnitude of the relationships between the variables identified. The questionnaires employed have been used in other studies on TSCs in cancer [2, 10, 11] , which facilitates direct comparison with the current findings. Finally, all participants completed the study. This supports the feasibility of this methodology for future work.
No. of PaƟents
Limitations included recruitment by convenience sampling dictated by the specialty areas of the clinical teams. This limited the sample size and range of cancer types. Most participants had a good performance status and early-stage cancer. More debilitated patients were therefore not represented. Furthermore, social desirability and acquiescence biases may have occurred [39] . Due to incomplete electronic medical record information, medication data were unavailable for 73 % and cannot be excluded as a potential confounder. There is variability in the literature with regard to the impact of medication on taste and smell; one study reported that concurrent medications predict TSCs [12] , while another found a weak or insignificant correlation with TSCs [40] . Finally, changes in physical activity post-diagnosis were not measured. Reduced physical activity can mask the effects of reduced dietary intake. Although this may prevent overt weight loss, as observed in this group, it will not avert changes in body composition, i.e. loss of lean body mass [41] . This can negatively impact health and treatment outcomes.
There are several possible explanations for the observations about characterisation of TSCs. There may be an individual predisposition to TSCs [42] . It was noted that people had difficulty articulating their experiences, similar to a previous study [12] . Finally, methodological variations (i.e. subjective vs. objective), cancer type and study duration may have contributed.
The present observations have important clinical implications. Clinicians should consider screening for TSCs at diagnosis with a common terminology. Early recognition may mitigate malnutrition, particularly if RT or CT is planned [1] . Furthermore, given the limited therapeutic strategies for cancer TSCs [43] , new treatments are needed. The development of evidence-based practice guidelines is important.
Future longitudinal research should assess the prevalence of TSCs pre-and post-cancer treatment. The pathophysiology and characteristics of perceived TSCs also need further investigation. Validation of the 'Taste and Smell Survey' [21] in this cohort is warranted. Quantitative dietary intake data should evaluate the relationship between diet and TSCs. This could determine whether improved chemosensation can increase food intake [2] . Current management strategies such as altering food choice and saliva substitutes require systematic evaluation. Finally, research is needed to clarify the clinical relevance of TSCs symptom clusters.
Conclusions
Subjective TSCs preceded CT or RT in almost half of patients with non-H&N solid tumours, notably stronger sweet and salt tastes. They were most often reported by females and those with breast cancer. The participants were representative of the UK and Irish cancer population by age and gender. Half of the sample was at risk of malnutrition and most of them reported TSCs. TSCs were significantly associated with dry mouth, early satiety and fatigue and may be part of a symptom cluster. Future research and clinical guidelines which incorporate a common terminology for the assessment, diagnosis and management of TSCs in cancer populations are needed.
